Many tissues which have been investigated have at least two malate dehydrogenase isoenzymes. One is an organelle form localized in mitochondrial fractions whereas the other does not appear to associate with organelles sedimenting after high speed centrifugation (17) . Spinach leaf tissue has an additional malate dehydrogenase isoenzyme localized in the peroxisome or leaf microbody fraction (12, 19 (10, 11) . Protein was eluted with a 0.02 to 0.2 M sodium phosphate gradient (14). Three-milliliter fractions were collected and assayed for malate dehydrogenase.
Many tissues which have been investigated have at least two malate dehydrogenase isoenzymes. One is an organelle form localized in mitochondrial fractions whereas the other does not appear to associate with organelles sedimenting after high speed centrifugation (17) . Spinach leaf tissue has an additional malate dehydrogenase isoenzyme localized in the peroxisome or leaf microbody fraction (12, 19) . Microbodies are single membrane, dense protein-containing bodies which occur in almost all plant tissues (3, 7) . The leaf microbodies or peroxisomes are believed to function in photorespiration (16) . It (10, 11) . Protein was eluted with a 0.02 to 0.2 M sodium phosphate gradient (14) . Three-milliliter fractions were collected and assayed for malate dehydrogenase.
In order to obtain intact organelle preparations, the various tissues were gently minced with a chopper in 0.5 M sucrose-0.05 M tris buffer (pH 7.5) containing 1 mm EDTA, 1 mm 2-mercaptoethanol, and 0.1 % bovine serum albumin. After mincing, the suspension was gently ground in a mortar for 30 sec. The resulting homgenate was filtered through eight layers of cheesecloth, and the filtrate was centrifuged at 250g for 90 sec to remove cellular debris. The supernatant containing intact organelles was centrifuged at 6,000g for 15 min to obtain an organelle pellet. The pellet was suspended in 40 % sucrose (w/v) and layered on 34 ml of a linear sucrose density gradient (40-80%, w/v) and centrifuged in a Beckman SW-27 rotor at 25,000 rpm for 3 hr (w't = 7.4 X 1010 rad2. sec-1) in a Spinco model L2-50 preparative ultracentrifuge. Thirty equal fractions were collected for assay. Details of the above method are described elsewhere (12) .
Malate dehydrogenase was assayed spectrophotometrically as described previously (14) . Glycolate oxidase, a peroxisome or leaf microbody marker enzyme, was assayed with o-dianisidine as described elsewhere (12, 18) . Catalase, a microbody marker enzyme, was assayed spectrophotometrically by measuring the disappearance of hydrogen peroxide at 240 nm (9) . Cytochrome oxidase, a mitochondrial marker, was assayed spectrophotometrically by measuring the oxidation of reduced cytochrome c at 550 nm (13) .
Both starch gel electrophoresis and anion exchange column chromatography indicated that mature green spinach leaf tissue has four proteins with malate dehydrogenase activity (11) . Previous work has shown that two of these isoenzymes do not associate with organelle preparations and are therefore defined as soluble proteins whereas one of the four is uniquely associated with microbody fractions and another is uniquely associated with mitochondrial fractions (12, 19) . Based on starch gel electrophoresis and DEAE-cellulose column chromatography, the present study shows that green and etiolated cotyledon tissues have the same four malate dehydrogenase isoenzymes (Figs. 1 and 2). By reason of the same criteria, nongreen root and associated hypocotyl tissue appear to lack peak I (Figs. 1 and 2). Since it was previously shown that peak I (Fig. 2) was uniquely associated with the microbody fraction of leaves, this experiment suggests that nongreen root and hypocotyl tissues do not have significant quantities of microbody malate dehydrogenase.
Enzymatic analysis of fractions obtained from the organelle purification procedure indicated a catalase peak in the microbody region (p = approximately 1.25 g/cm') of the green cotyledon tissue, etiolated cotyledon tissue, and the nongreen root and hypocotyl tissue (Fig. 3) . The levels of catalase when expressed on a fresh weight basis are comparable in both green and etiolated cotyledons (Table I ). The amount of catalase in the roothypocotyl tissue, however, is significantly less. Based on the presence of catalase as a microbody marker enzyme (6) , these data indicate that all the tissues examined have microbodies. Electron micrographs prepared from tissue sections (prefixed with glutaraldehyde and postfixed with osmium tetroxide) of mature leaves, cotyledons, and root-hypocotyls revealed single membrane structures resembling microbodies.
The green cotyledon tissue has substantial glycolate oxidase activity in the microbody fraction (Fig. 3) . Although not re-MALATE DEHYDROGENASE ISOENZYMES cotyledons, hypocotyls, and roots are apparently identical, and since it is believed that the isoenzymes are gene-specific (8), we assume that the same genetic mechanism which generates four molecular forms of malate dehydrogenase is operative in all the tissues examined. Presumably the synthesis of microbody malate dehydrogenase in root-hypocotyl tissue is restricted.
Although these data do not indicate whether or not the microbodies located in all the tissues are the same or represent a family of organelles, the data do suggest some things about the physiology of the organelles. First, all the microbody fractions have catalase and presumably can metabolize hydrogen peroxide. Hence, it would seem that all have an oxidative metabolism resulting in hydrogen peroxide formation (1). Second, green leaf tissue and tissue which is normally green (cotyledons) have malate dehydrogenase and hence potentially some malate metabolism. Finally, the presence of glycolate oxidase in the microbodies of green tissue, but not etiolated or nongreen tissue, implicates metabolism of glycolate in photosynthetic tissue. The latter is presumably associated with photorespiration (16) . It should be noted that light-induced increases in glycolate oxidase activity are well known (4, 15 (12) . The microbody fraction from etiolated cotyledons was deficient in glycolate oxidase (Fig. 3) . In addition, the nongreen roothypocotyl microbody fraction did not have measurable glycolate oxidase activity (Fig. 3) .
Similar amounts of malate dehydrogenase activity were present in the microbody regions of the sucrose density gradients for both etiolated and green cotyledons (Table I, Fig. 3 ). The microbody fraction from the root-hypocotyl sections had a reduced, but detectable, level of malate dehydrogenase. On a fresh weight basis, the root-hypocotyl tissue has less than 10% of the activity which is present in the cotyledon tissue. The ratio of malate dehydrogenase to catalase in cotyledon tissue is about 4.5 whereas in root-hypocotyl tissue it is about 2.4. The reduced level of malate dehydrogenase in root-hypocotyl microbody fractions probably accounts for the inability to detect it by starch gel electrophoresis or by anion exchange column chromatography (see Figs. 1 and 2 ). These catalase and malate dehydrogenase data may indicate that root-hypocotyl tissue has fewer microbodies than the cotyledon tissue. The electrophoretic mobility of the malate dehydrogenase in the root-hypocotyl microbodies is identical to that in the cotyledon tissue microbodies.
All tissues examined have a distinct malate dehydrogenase peak corresponding to the mitochondrial form (Fig. 2) 
